Previous studies on the presence of spermidine synthase (EC 23.1.16) in the protoplasts of Chinese cabbage (Brasica pekinmis var Pak Choy) leaves had detected a small but signiicant fraction of the enzyme in a crude chloroplast fraction (Cohen, Balint, Sindhu 1981 Plant Physiol 68: 1150-1155 A crude chloroplast fraction isolated from disrupted protoplasts derived from leaves of Chinese cabbage was found to contain a significant fraction of spermidine synthase (5). Furthermore, it had been stated by other laboratories that chloroplasts can probably synthesize methionine (19, 24) and SAM (15). However, it was not clear that these activities were truly those of chloroplast components, since the contamination of chloroplasts by cytoplasmic or other enzymes is well known (13, 23) . It was important, therefore, to determine if the enzyme, spermidine synthase, could be found in purified intact chloroplasts. We have found that of the various procedures devised to obtain such intact organelles, gradients of purified Ludox (20) have been effective, permitting the demonstration of the enzyme of the lysine pathway, DAP decarboxylase, as an internal chloroplast component. However, such purified organelles were devoid of spermidine synthase, before or after disruption of the organelle.
The spherical RNA virus, TYMV,2 contains fairly large amounts of spermidine and markedly less spermine (2, 6, 14) . The spermidine is nonexchangeable in the intact virus (6) and appears to have become associated with the RNA before the RNA was encapsulated within the virus. It is possible that, as in the condensation of MS2 RNA by spermidine, which increases the penetrability of this RNA during infection of pilus-bearing male bacteria (16) , the triamine facilitates the condensation of the TYMV RNA during packaging within the viral protein subunits.
The affinity of RNA for the tetramine, spermine, is greater than that for the triamine, spermidine. Within a common pool of spermidine and spermine, it would be expected that the virus would be relatively rich in the tetramine, but it is not, suggesting that the two polyamines may exist in relatively separate compartments. During virus multiplication TYMV, as a tymovirus, accumulates entirely within pockets between aggregated chloroplasts. It was asked then if the chloroplasts, as possible homologs of Cyanobacteria, which synthesize spermidine but do not synthesize spermine (1 1, 22) , may be the metabolic compartment generating viral spermidine (7) . ' Supported by grants from the National Science Foundation (PCM , and the National Institutes of Health (lROIGM25522).
2Abbreviations: TYMV, turnip yellow mosaic virus; SAM, S-adenosylmethionine; DAP, diaminopimelate; G-R, grinding and resuspension; PCA, perchloric acid; PLP, pyridoxal phosphate.
A crude chloroplast fraction isolated from disrupted protoplasts derived from leaves of Chinese cabbage was found to contain a significant fraction of spermidine synthase (5) . Furthermore, it had been stated by other laboratories that chloroplasts can probably synthesize methionine (19, 24) and SAM (15) . However, it was not clear that these activities were truly those of chloroplast components, since the contamination of chloroplasts by cytoplasmic or other enzymes is well known (13, 23) . It was important, therefore, to determine if the enzyme, spermidine synthase, could be found in purified intact chloroplasts. We have found that of the various procedures devised to obtain such intact organelles, gradients of purified Ludox (20) have been effective, permitting the demonstration of the enzyme of the lysine pathway, DAP decarboxylase, as an internal chloroplast component. However, such purified organelles were devoid of spermidine synthase, before or after disruption of the organelle.
In its turn, the 'soluble' spermidine synthase of a crude protoplast extract, comprising 85 to 90% of the total initial activity, was found not to be readily sedimentable, suggesting a size in protoplast extracts not greater than that of the partially purified enzyme estimated by Sephadex fractionation. In additional fractionation steps, although a significant fraction of the nonsedi- protoplasts/ml. The preparation and composition of G-R medium has been described (20) .
After disrupting the protoplast preparations in passage through a 20-,um nylon mesh fitted to a 5-ml syringe, crude chloroplasts were collected by centrifugation at 21Og for 10 min. Preparation of Vacuoles. Vacuoles were prepared by shearing the protoplasts in a Ficoll gradient. The conditions for preparing the protoplasts were essentially the same as described earlier in "Materials and Methods," except that BSA was omitted from the washing solution. Four ml of the protoplast suspension (20 x 106 protoplasts) was loaded onto a 3-step discontinuous Ficoll-400 gradient. The gradient was prepared by layerilig 10 Enzyme Assays. Triton X-100 was added to all the fractions to a final concentration of 0.25% to effect the lysis of protoplasts and chloroplasts before estimating the enzyme activities of the fraction. Spermidine synthase activity was estimated by using [1,4- quence of the postulated homology of chloroplasts and cyanobacteria, it was suggested that DAP decarboxylase was a chloroplast enzyme (4). This suggestion was tested in extracts of Vicia faba and the enzyme was found to be localized in this organelle (18, 29) . In some plants, such as Lupinus polyphyllus, in which cadaverine is a precursor in the synthesis of a quinolizidine alkaloid, e.g. lupanine, in chloroplasts, lysine decarboxylase has also been found in the chloroplast ( 12) . For these reasons, DAP decarboxylase was used as a marker in the fractionation and study of the distribution of spermidine synthase.
In various experiments in which the initial protoplasts and number of chloroplasts liberated after disruption were counted, the protoplasts were found to contain 50 to 100 chloroplasts per cell. The value of 63 was obtained in the experiment reported in Table I . It can be seen that the disrupted protoplasts were rich in this enzyme, which was then found almost entirely in the crude chloroplast fraction. The yield of purified intact chloroplasts in several isolations was 28 ± 6% of the chloroplasts liberated by disruption of the protoplasts, as a result of lysis of chloroplasts during the various steps. The activity of the enzyme released per purified intact chloroplast is comparable to the activity found for lysed protoplasts. Thus, in confirmation of the earlier report (18), the enzyme was essentially entirely localized in the chloroplast.
When the chloroplasts were lysed with H20 and centrifuged at 400g for 20 min, more than 80% of the enzyme was found in the supematant fraction. No significant difference has been found in the activity ofthis enzyme in healthy or TYMV-infected protoplasts or the derived chloroplasts.
Absence of Spermidine Synthase in Purified Chloroplasts. When protoplasts of uninfected leaves are disrupted as described above, a small but significant fraction ofthe spermidine synthase was found in the crude chloroplast fraction. This activity was retained in this fraction after several washings. In Table II , the crude chloroplast fraction contained 87% of the DAP decarboxylase and 10% of the spermidine synthase, as assayed by the method in which a correction was applied for the dilution of the radioactive precursor, putrescine, by extract putrescine (25). However, as presented in Table II , after fractionation in the Ludox gradient, the purified chloroplasts were essentially devoid of spermidine synthase activity, although retaining its DAP decarboxylase. Similarly, no spermidine synthase was found in the purified chloroplasts prepared from the protoplasts of TYMVinfected Chinese cabbage. Results similar to that in Table II have been obtained in five separate experiments. Admixture of purified chloroplasts to crude chloroplasts and assay of enzyme after lysis did not reduce the synthase activity of the crude chloroplasts. Protoplasts exposed to the Ludox gradient were not disrupted, and when reisolated and fractionated had not lost spermidine synthase activity. Crude chloroplasts, sedimented twice through the starting gradient concentration ofthe Ludox mix (X/Ao ofthe limiting concentration), retained their activity of spermidine synthase.
Although the presence of 50% Ludox in the assay mixture inhibited the activity in the crude chloroplasts or the soluble enzyme by 85%, two washes of the crude chloroplasts incubated in 53% Ludox at room temperature for 30 min completely restored the synthase activity to the sedimented fraction. It has been concluded that the absence of the synthase in the purified organelle is due to a further purification of the organelle.
Subceilular Distribution of the 'Soluble' Spermidine Synthase.
Protoplasts prepared from healthy or TYMV-infected cabbage leaves were disrupted by passage through a 20 gm nylon mesh and centrifuged at 400g for 20 min. Most of the spermidine synthase activity was found in the supernatant fraction (Table  III) . This fraction was subjected to differential centrifugation, as indicated in Table III , and the enzyme activity was assayed. Most of the spermidine synthase activity (>90%) was found in the cytosol fraction. By comparison to the distribution of DAP decarboxylase, Cyt oxidase, catalase, and NAD-triose phosphate dehydrogenase, after various centrifugation fractionations, the enzyme appeared in the same fraction as the NAD-triose phosphate dehydrogenase. The presence of Cyt c oxidase in the crude chloroplast fraction indicates the presence of mitochondria in this fraction. Catalase is found mainly in peroxisomes, which also sediment in large part in the 400g pellet, i.e. the crude chloroplast fraction. Vacuoles and Spermidine Synthase. The disruption of protoplasts by passage through a needle prior to fractionation also disrupts vacuoles. Ifthis organelle contained a soluble spermidine synthase, the enzyme would appear in the cytosolic fraction. In initial experiments, a significant portion (about 20 to 40%) of the spermidine synthase of a protoplast extract was found associated with preparations of purified vacuoles (27), whose yields were quite low. The activities of a mixture of vacuoles and protoplasts were additive, i.e. no inhibitory substance was detected in the vacuoles. Spermidine synthase palleled the recov- Table IV . These results indicated, as had been reported earlier, the difficulties of obtaining uncontaminated vacuoles. DISCUSSION The working hypothesis that spermidine synthase, an enzyme present in certain procaryotic cells, e.g. Escherichia coli, is present in the chloroplasts of plant protoplasts is disproved in this communication. Until chloroplasts were extensively purified, some spermidine synthase was associated with the organelle. After purification on a silica sol gradient, a true chloroplast marker, i.e. DAP decarboxylase, was conserved in the intact chloroplast fraction but spermidine synthase was eliminated. It is not known if the spermidine synthase was adsorbed to chloroplasts or associated with fragments of other contaminating organelles. Just how crude such a fraction indeed is, despite isolation after presumably gentle shearing of protoplasts, is revealed by the large amounts of DNA, Cyt oxidase, and some catalase in this fraction (Table III) . It is also important to note the work of Robinson (23) in which crude chloroplasts from spinach leaves had considerable glycerate 3-P phosphatase activity. However, a further purification by a Percoll step gradient yielded intact chloroplasts in 95% yield with a phosphatase activity reduced more than 90%. This result is similar to our own experience with spermidine synthase.
The results of this study indicate, as in analyses of the spermidine synthase of other cells, that this plant enzyme is a soluble enzyme and is not localized in a particular organelle. This result calls attention once again to the surprising exclusion of several steps ofmethionine and SAM biosynthesis and metabolism from some chloroplasts (28). Chloroplasts prepared from barley leaf protoplasts, although able to synthesize essentially all of certain amino acids, e.g. threonine, lysine of the plant (28) are unable to make methionine or certain of its metabolites which fulfill many essential roles in chloroplast function. It appears then that in baley, at least, methionine, SAM, and possibly spermidine as well must be taken up by the auxotrophic organelle.
TYMV, which causes chloroplast vesiculation, aggregation, and eventual disruption in the course of virus assembly within the pockets produced in chloroplast aggregates, has not affected the amount of the typically chloroplast enzyme, DAP decarboxylase. It will be of interest to determine if any chloroplast functions are altered in the course of this infection.
